Introduction.
Recent developments of the study of random close packed structures are based on the use of a curved space in which a regular structure is used as reference state for the order in the amorphous state [1] . Using the hypothesis that all interstices formed by spherical atoms have a tetrahedral symmetry, the reference order is realized by a { 3, 3, 5 } polytope [2] .
This geometrical figure can be described on a 3-sphere embedded in a 4D Euclidean space. This figure is regular in that sense that all vertices are surrounded by a regular icosahedron.
For example on figure 1 we observe a lattice which is a tiling of the 2D plane by pentagons. The coordination number at vertices is 3 or 4. A disclination procedure can convert a dodecahedron to this lattice; in this case disclination points correspond to. the 4-fold coordinated vertices. An accurate disclination procedure in 2D is described in reference 3. Notice that the defect-free structure of reference is not a lattice in the Euclidean plane, but a polyhedron defined on a 2-sphere.
The description of realistic structures needs a mapping of the curved space onto Euclidean space. That can be achieved by a disclination procedure as disclination lines are known to change the curvature of the space. In 2D cases it has been shown that non-crystalline 2D structures can be obtained if disclination points (in 2D) are non periodic, but if disclination points are arranged to form a lattice, then a periodic structure is obtained.
The aim of the present paper is to answer this question : are there periodic structures in dense metal which can be described using the concept of an icosahedral order (with a reference to the { 3, 3, 5 } polytope) associated with disclination lines periodically arranged ? In these structures disclinations change the curvature and a given density of disclination can reduce the curvature to zero. The { 3, 3, 5 } polytope can be described with the help of the spherical torus [4] . The In this paper, only pure metal structures are described (with an exception for the Laves phases). But all the intermetallic alloys in which there are some atoms with an icosahedral coordination can be studied from this point of view [5] . 3 .1 THE ~-TUNGSTEN STRUCTURE [4] . - The A15 structure is probably the simplest one. It is observed for numerous alloys but also for pure tungsten in the W~ form. Schematically we can use the formula Wa 3 Wb for this pure metal in which there are two types of atomic positions : Wa and Wb. This structure is also observed for Nb [7] and Cr [8, 9] .
The elementary cell of the structure is a cube. An icosahedron with three orthogonal A2 symmetry axes superposed to the three A4 axes of the cube is inscribed in the cubic cell. So, 12 atoms are on the faces of the cube, a 13th one is in the centre of the cube. There are also 8 atoms on each corner of the cube. So there are 8 atoms in the cell : 2 of them are Wb with an icosahedral coordination, and 6 of them are Wa with a coordination polyhedron having 14 vertices. Looking at this 14 vertex polyhedron (Fig. 3) it is clear that it can be obtained by a disclination (Fig. 4) [9] . The different coordination polyhedra of the Mna structure are represented in figure 6 .
It can be observed that there is a failure when the type III and the type IV polyhedra are joined together. On the figure 6a which presents the type IV coordination polyhedron one can observe Fig. 6 (Fig. 6b) . It is replaced by the dashed link of the figure 6a.
The choice of two coherent coordination polyhedra lead to the insertion of a dipole of disclination lines (positive and negative disclination).
In a first approximation the Mna structure can be described as { 3, 3, 5 } polytope containing a periodic network of disclination lines. It is formed by two interpenetrating networks with nodes crossed by one disclination line (coordination = 14) and nodes crossed by 2 disclination lines (coordination = 16). ' In a second step, using two coherent coordination polyhedra new disclination lines have to be introduced in pairs. This new disclination pair is needed to allow the bending of the disclination line going through the type III atoms. The disclination dipole acts like a dislocation allowing bending of disclinations.
Coordination polyhedra of the U JJ are similar to those which are observed in W~ and Laves phase structure except for a 15 vertex polyhedron (Fig. 7 ). It can be described as obtained from an icosahedron by 3 coplanar disclination half-lines intersecting on the centre. The U~ disclination network ( Fig. 8) 4. Discussion and conclusion.
There are some common features of all the structures presented. All these structures can be described as a packing of tetrahedra more or less distorted. So the f.c.c. structure is left out of these description since it contains tetrahedra and octahedra. Nevertheless it is perhaps possible to describe the f.c.c. structure with the icosahedral order as reference using disclination lines not going through the atomic positions, but going through the centres and faces of the tetrahedra. In all these structures, the coordination polyhedra are icosahedra, or polyhedra obtained from icosahedra by a disclination procedure using 2 n/5 disclinations. The existence of such phases evidently depends on electronic structure [15] , but with this description we have a topological explanation of their stability. In terms of a naive description of pair potential energy the existence of such structures can be explained with very flat potential variation near the minimum distance. In this case an increase of the coordination number at the expense of interatomic first distance fluctuations corresponds to a minimum of the energy. [16, 17] . But that is still an open question.
A similar description can be applied to loose packed structures (Clathrate, Zeolite) with the help of a duality transformation of the close packed structure.
